SUMMARY It is difficult to distinguish between restrictive cardiomyopathy and constrictive pericarditis on the basis of clinical findings and simple investigation. Cardiac catheterisation has been the reference standard for diagnosis but even this does not always permit an accurate distinction. A Summagraphics digitiser and Prime 750 computer system were used to digitise the echocardiograms of 15 patients with restrictive cardiomyopathy, 10 with constrictive pericarditis and a group of 20 age and sex matched normal subjects of similar age and sex distribution. Compared with controls, patients with restrictive cardiomyopathy showed a significant reduction in the following variables (a) decreased fractional shortening, (b) decreased peak left ventricular filling and emptying rates, (c) decreased percentage posterior wall thickening, and (d) decreased peak left ventricular posterior wall thickening and thinning rates. Whereas patients with constrictive pericarditis only had significantly reduced peak left ventricular filling and posterior wall thinning rates and significantly increased posterior wall thinning rate. When patients with restrictive cardiomyopathy were compared with those with constrictive pericarditis the significant differences were: (a) decreased peak left ventricular emptying rate, (b) decreased percentage posterior wall thickening, and (c) decreased peak left ventricular posterior wall thickening and thinning rates.
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Digitisation of M mode echocardiograms, with particular attention to posterior wall function, may be a useful adjunct to cardiac catheterisation in distinguishing restrictive cardiomyopathy from constrictive pericarditis.
Impaired ventricular filling may result from atrioventricular valve stenosis or from reduced "ventricular compliance". The latter may itself be due to disease of the pericardium (constrictive pericarditis), disease of the pericardial space (pericardial tamponade), or disease of the myocardium (for example, restrictive or hypertrophic cardiomyopathy). Peri obtained from controls, patients with restrictive cardiomyopathy, and patients with constrictive pericarditis. There was no significant change in left ventricular cavity dimension at end systole or diastole in either restrictive cardiomyopathy or constrictive pericarditis as compared with control patients.
Fractional shortening was significantly less in the group with restrictive cardiomyopathy than in the controls (mean 22 (9-8) % v 36 (5 8) 00, p < 0-001) but compared with the group with constrictive disease the difference did not achieve statistical significance (mean 31 (10-2) % v 36 (5-8) %). There was no significant difference in fractional shortening between the groups with restrictive cardiomyopathy and constrictive pericarditis (fig 2) . Peak rate of increase of cavity dimension in diastole (LV max rate, that is, peak ventricular filling rate) was significantly lower in both constrictive pericarditis (mean 8-8 (2-5) cm/s, p < 0 003) and restrictive cardiomyopathy (mean 7-5 (3-3) cm/s, p < 0 001) 32 3) . Posterior wall thickness at minimum cavity size (PW min) and at maximum cavity size (PW max) was not significantly different between the various groups but the percentage posterior wall thickening (% PW) was lower in the group with restrictive cardiomyopathy (mean 24 (12%)) than in either the controls (mean 35 (7%), p < 0 007) or the group with constrictive pericarditis (mean 47 (15%), p < 0-008); again the group with constrictive pericarditis did not differ significantly from the controls (fig 4) . The peak rate of thinning of the posterior wall during early diastole (PW max rate) was lower in the group with restrictive cardiomyopathy (mean 2-6 (0-9) cm/s) than in either the controls (mean 3-4 (0-7) cm/s, p < 0-008) or the group with constrictive pericarditis (6 (2 8) cm/s, p < 0-004), in which the rate was significantly faster than in controls (p < 0-01) ( fig 5) . Peak rate of thickening of the posterior wall during systole (PW min rate) cm/s was also lower in the group with restrictive cardiomyopathy (mean -4-1 (2 5) cm/s) than in either the controls (-5-8 (1-8) cm/s, p < 0 02) or the group with constrictive pericarditis (-6-7 (1 9) cm/s, p < 0{007) but those with constrictive pericarditis were not significantly different from normal ( fig 5) . It was of interest that the three patients with amyloid disease in the group Morgan, Raposo, Clague, Chow, Oldershaw with restrictive cardiomyopathy were among those patients with the most profound abnormalities of posterior wall variables.
Digitisation of the septum is technically difficult because the leading edge endocardial echoes on the right side of the ventricular septum may be poorly defined. In eight patients, however, this measurement was made and septal dimension during diastole (sept min) was significantly greater in the group with restrictive cardiomyopathy (mean 1-3 (0 5) cm) than in patients with constrictive pericarditis (mean 0 9 (0 4) cm, p < 001) or controls (mean 0 9 (0-2) cm, p < 0-01). However, the maximum septal dimension in both disease groups was not significantly different from control values.
We applied a logistic regression analysis to those variables that were significantly different in restrictive cardiomyopathy and constrictive pericarditis. Restrictive cardiomyopathy and constrictive pericarditis: distinction by digitised echocardiography Discussion Impairment of ventricular diastolic function with comparative preservation of systolic function is characteristic of restrictive cardiomyopathy8 and it is this pre-eminence of diastolic dysfunction that distinguishes this condition from other myocardial disorders in which impaired systolic function is the major abnormality. Constriction of the pericardium, however, also primarily impairs ventricular diastolic function rather than systolic function3910 and hence distinguishing between these two conditions is important, particularly since restrictive cardiomyopathy can only be treated symptomatically whereas the symptoms and signs of pericardial constriction can be dramatically alleviated by pericardectomy."
Because they have a similar pathophysiology it is not surprising that historical features and findings on physical examination"' do not necessarily permit a clinical distinction. In our series most patients with either restrictive cardiomyopathy or constrictive pericarditis presented with a history of progressive dyspnoea, though those with restrictive cardiomyopathy tended to have had symptoms for a shorter time. Physical signs were also similar in both groups-venous pressure was raised in all patients but atrial fibrillation occurred in only 8% of patients with constrictive pericarditis and 33% of patients with restrictive cardiomyopathy. The murmurs of mitral or tricuspid valve incompetence have been widely reported in restrictive cardiomyopathy,101' whereas constrictive pericarditis is characteristically associated with a "quiet" heart.3 There are, however, sporadic reports of murmurs caused by atrioventricular valve incompetence in constrictive pericarditis.91' In our series pansystolic murmurs were heard only in patients with restrictive cardiomyopathy. An early diastolic sound may occur in either condition though some would attribute a specific quality to this sound in constrictive pericarditis." This sound is thought to be caused by sudden deceleration in ventricular filling as a consequence of.external restriction. In our series this physical sign was seen in 23% of patients with constrictive pericarditis and 39% of patients with restrictive cardiomyopathy.
Simple investigations may help to establish a diagnosis in some cases. Calcification in the pericardium, best seen on the lateral chest radiograph, is highly specific for constrictive pericarditis but is frequently absent.9 We found pericardial calcification in only 27% of patients with constrictive pericarditis and it was never recorded in patients with restrictive cardiomyopathy. Though repolarisation abnormalities (ST/T wave changes) have also been reported in constrictive pericarditis they are considered to be non-specific and insensitive, and this was our experience.9 Though we found low voltage QRS complexes in only the group with constrictive pericarditis they were present in only 33% ofpatients. It is clear then that clinical observations and simple investigations do not always allow these two conditions to be distinguished.
In our series cardiac catheterisation and echocardiography permitted a diagnosis to be made. At cardiac catheterisation features of the diastolic pressure trace and diastolic pressure measurements have been specifically associated with restrictive cardiomyopathy4 or constrictive pericarditis67 (as noted in the methods section). The "dip and plateau" waveform ofthe diastolic ventricular pressure trace is said to be characteristic of constrictive pericarditis, but not surprisingly it may also occur in restrictive cardiomyopathy since both diseases share a common pathophysiology...14.
. In certain cases of constrictive pericarditis manoeuvres such as rapid volume infusion at catheterisation may bring out a dip and plateau waveform which is otherwise inapparent.'6 Diastolic equalisation of pressures throughout the cardiac chambers is regarded as a characteristic of constrictive pericarditis but it can also occur in restrictive cardiomyopathy though a difference between left and right ventricular end diastolic pressures; it is more common for left ventricular end diastolic pressures to be higher than right pressure. '7 In one patient in our series (patient 11, table 2) constrictive pericarditis was diagnosed at first cardiac catheterisation and he underwent pericardial resection. It later became apparent that there had been no clinical improvement, and after repeat echocardiography and cardiac catheterisation with endomyocardial biopsy the diagnosis was revised to restrictive cardiomyopathy. Thus if diagnostic uncertainty persists after cardiac catheterisation there may be no alternative but to consider explorative thoractomy3-haemodynamic data do not always lead to diagnosis.
The sensitivity and specificity of endomyocardial biopsy in these groups are undecided.'8 19 While biopsy was performed in 33% of our patients with restrictive cardiomyopathy it was not performed in any of the patients with the diagnosis of constrictive cardiomyopathy and so we are unable to comment on the value of histological features that may serve to distinguish between the two. It is noteworthy, however, that in one of our cases the diagnosis of amyloidosis rested on the observation of a single island ofamyloid deposit in a single section and that it is known that the diffuse nature ofamyloidosis makes biopsy diagnosis unreliable.
The M mode and cross sectional echocardio-
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Morgan, Raposo, Clague, Chow, Oldershaw graphic features of both conditions have been reported but there is no agreement on the features that distinguish the two groups.2 " 21 Pericardial thickness has been considered as a marker for constrictive pericarditis22 but it correlates poorly with the findings at operation, and was not a variable that we have found useful.2" Janos and colleagues suggested the value of computerised digitisation of M mode echocardiograms in distinguishing between constrictive pericarditis and restrictive cardiomyopathy, but they studied only seven patients.' Digitised echocardiography has also been used to characterise abnormalities in cardiac amyloidosis.25 Cross sectional echocardiographic features of amyloidosis have been the subject of many reports: myocardial echo intensity and increased thickness of the atrial walls may be moderately sensitive and highly specific.26 Though an increase in myocardial echo intensity is a feature in our patients with amyloidosis there are only three such patients and abnormality of echo amplitude is not a feature in others with restrictive cardiomyopathy. We found no other features on cross sectional echocardiography that enabled us reliably to distinguish the two groups from one another or from the controls.
We showed that there are features on digitisation of M mode echocardiograms that distinguish restrictive cardiomyopathy from constrictive pericarditis and from normal patients. Thus fractional shortening, peak rate of increase of left ventricular dimension during diastole, peak rate of reduction of left ventricular dimension during systole, percentage change in posterior wall dimension, and rate of posterior wall thinning and thickening are all highly significantly lower in the group with restrictive cardiomyopathy group than in the controls. These changes indicate that the group with restrictive cardiomyopathy had slower ventricular filling and emptying (with an associated reduced amplitude of wall motion and rate of posterior wall thinning and thickening) than the controls.
Peak rate ofreduction of left ventriculat dimension during systole was significantly lower in patients with restrictive cardiomyopathy than in controls-that is ventricular contraction in restrictive cardiomyopathy has a slower peak rate. Also the percentage change of posterior wall dimension is significantly reduced so that in restrictive cardiomyopathy the posterior wall thins and thickens less than in constrictive pericarditis. The 
